In this work, we examine the performance of selective-decode and forward (S-DF) relay systems over κ-µ fading channel condition. We discuss about the probability density function (PDF), system model, and cumulative distribution function (CDF) of κ-µ distributed envelope and signal to noise ratio (SNR) and the techniques to generate samples that follow κ-µ distribution. Specifically, we consider the case where the source-torelay (S→R), relay-to-destination (R→D) and source-to-destination (S→D) link is subject to the independent and identically distributed (i.i.d.) κ-µ fading. From the simulation results, the enhancement in the symbol error rate (SER) with a stronger line of sight (LOS) component is observed. This shows that S-DF relaying systems can perform well even in the non-fading or LOS conditions. Monte Carlo simulations are conducted for various values of fading parameters and the outcomes closely match with theoretical outcomes which validate the derivations.
End-to-end Symbol Error Analysis
Consider MIMO-STBC S-DF relaying network with K number of relay nodes. In all the analysis associated with SER performance analysis of S-DF relaying network, we will assume SR NN  MIMO systems. Where S N are the number of antennas equipped at the source node and R N are the number of antennas equipped at the relay nodes. Since both source and relay nodes use the same orthogonal STBC code, we take . SR N N N == It is presumed that orthogonal STBC code is conveyed over T time slots. So, an orthogonal STBC codeword for complete STBC communication can be agreed by a matrix with dimensions . S NT  It was before it was argued that orthogonal STBC codewords can be managed in different aerials and then processed data can be combined together to get an effective data, which is similar to the maximum ratio combiner (MRC) [35] . The orthogonal STBC is designed such that the vectors representing any pair of columns taken from the source-to-th r relay coding matrix sr H is orthogonal, i.e., the STBC converts the vector channel in scalar channel. For orthogonal STBC designs the conditional SNR at the receiver can be given as Euclidean norm or the Frobenius norm of the channel times average SNR as in (1) [4] . 2 , sr sr sr F H  = (1) where sr  denotes the conditional SNR of the source-to-th r relay fading link, sr  denotes the average conditional SNR of the source-to-th r relay fading link and 2 sr F H denotes the Frobenius norm or 2 L norm. Every element of sr H is i.i.d. κ-µ distributed random variables (RVs). The suggestion of κ-µ channel fading was given in [36] as a generalized distribution to model non-homogeneous fading environment. Like η-μ & Nakagami-m fading channel distribution, it has been observed that, for κ-µ fading channel conditions, the multipath components form clusters. Each cluster has several scattered multipath components. The delay spread of different clusters is relatively larger than the delay spread of multipath components within a cluster. Every cluster is assumed to have the same average power. Unlike in η-μ fading and like Nakagami-m fading, it is assumed that the in-phase and quadrature phase components are independent and have equal powers in κ-µ fading. However, each cluster is assumed to have some dominant components considered to be LOS components. In such a model, the representation of the envelope  of the fading signal is slightly different from that of Nakagami-m and/or η-μ fading. It can be given as [36] [37] [38] [39] 
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x is the complementary error function, which is accessible among others in MATLAB software. 
represents the Gamma function [42] and ( ) n x denotes the descending factorial [44] [45] , expressed as, ( )
can be expressed in terms of confluent Lauricella's Hypergeometric function [43] , as evaluated in Appendix B. 
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where,
is the channel fading parameter directly related to the number of clusters and SD  denotes the ratio of power in the LOS components to that of scattered components for S→D fading links. sd  denotes the average SNR of the source-to-destination fading link.
Also, the SER for the R→D fading link can be expressed below [40] , 12 24 22 00 , 2sin
2sin
where, (18) Where ,
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represents the cooperation mode of signal transmission. In the relaying phase if the relay decodes correctly then the destination gets signal from the relay node as well as from the source node. The optimal combining is done at the destination node using the maximal ratio combining schemes. The end-to-end SER of the cooperative communication fading link can be expressed as,
The end-to-end SER of the cooperative communication fading link can be obtained by substituting (8) (12) and (18) into (19) .
Simulation Results
For a MIMO-STBC S-DF relaying network, we demonstrate simulation plots of the average SER over non-homogeneous fading channel conditions. Monte Carlo simulations are conducted, and matrix laboratory (MATLAB) software has been used for simulations. In Figs. 1-3 , for simplicity reasons we take
The theoretical expressions get in κ-µ fading is in the infinite series form; however, these series converge very rapidly with an increase in the number of summations terms (N), e.g., N = 15 is enough to attain accuracy up 4 decimal numbers. For better and assured precision, the corresponding analysis is performed with N=20. In Fig. 1 , we considered the equal power allocation factors with Q-PSK modulated symbols, the average end-to-end error probability versus SNR plots are shown with clear detection over fading channels of .
 −
The average SER is plotted for µ=1, and varying κ using (16) . We observe that the increment in performance is more for increase in κ. In Fig.2 , SER vs. SNR in dB is plotted for various values of κ and for fixed value of μ. In Fig. 3 , SER vs. SNR in dB plot is given for various values of μ and for fixed value of κ. It has been shown that with increase the value of μ, the SER performance improves. In Fig. 4 , the SER is plotted for 1, 1, (16) . There is an important finding that the increase in SER performance is more likely to increase in RD  than in . SR  In Fig. 5 
Conclusion
We have investigated CF expressions of the average SER for a MIMO STBC S-DF relaying network over κ-µ faded links when input is Q-PSK and 4-QAM modulated. The average SER of QAM and QPSK are presented in the drawings. Specifically, we consider the case where the S→R, R→D and S→D link is subject to the i.i.d. κ-µ fading. From simulation results, the enhancement in SER with a stronger LOS component is observed. 
Appendix A
For further simplification of this integral, it can be brought in the form of confluent hypergeometric function with the substitution, 2 (1 ) , 2 (1 ) The above substitution converts the upper limit of the integral to unity without changing the lower limit of the integration. This makes it easy to represent this integral into standard form of confluent hypergeometric function of two variables. Confluent hypergeometric function is defined as, Further simplifications after substitution of (A.7) into (A.6) bring the integral in the form that can be given as, Next, we will discuss the solution of 2 . I Appendix B
One can proceed for solution of I2 following the steps used for solution of I1 earlier. We take the same substitution as that for I1 in (A.7). Thus, the same expressions will be used in the integral as discussed in equations (A.11)-(A.15). However, the upper limit of the integral will now be (1 Note that 1 I & 2 I are respectively in the form of confluent hypergeometric function and confluent Lauricella's function. These functions are not commonly available in the mathematical computation softwares. Thus, numerical evaluation methods for finite integrals may be used. Alternatively, these functions can be numerically evaluated using their series representation. The confluent hypergeometric function in series form can be given as The condition for convergence of this function is 1, x  which is satisfied in our case for all values of average SNR. The confluent Lauricella's hypergeometric function in series form can be given as 
